Genista aetnensis [(Raf. ex Biv.)DC] is a large deciduous shrub or small tree native to the Italian islands of Sardinia and Sicily. Being winter hardy and characterized by high plasticity in altitude and ecology, the species is grown in gardens and landscaping, both for flower and for its attractive shape. Genista species are generally propagate by seed or semi-hardwood cuttings. In this report an efficient in vitro technique for propagation of G. aetnensis was investigated. Multiple shoots were induced on nodal segments of a mature plant of Genista aetnensis. The Murashige and Skoog medium, augmented with different concentrations of N -6 -benzyladenine either singly or in combination with indole-3-acetic acid, as potential medium for shoot multiplication by nodal segments was tested. In the following experiment equal molar concentrations of four cytokinins (2-isopenthenyladenine, kinetin, zeatin and N -6 -benzyladenine) were tested for ability to induce axillary shoot development from single node stem segments. The highest rate of axillary shoot proliferation was induced on the medium supplemented with 0.44 μM BA. Growth regulator requirements for shoot proliferation in G. aetnensis were satisfied by BA alone. Explants were divided, subcultured and continued to proliferate shoots. A proliferation rate of 3.5 shoots per single node explants every four weeks occurred. Seven indole-3-acetic acid concentrations (0, 0.23, 0.45, 0.91, 1.82, 3.64 or 7.29 µM) were tested to determine the optimum conditions for in vitro rooting of microshoots. The highest rooting percentage was obtained with indole-3-acetic acid at 3.64 µM (57%). Eighty percent of the in vitro rooted plantlets were successfully established in soil. This micropropagation system of G. aetnensis based on axillary shoot development from nodal segments followed by in vitro rooting should be preferred for rapid and efficient mass propagation of selected clones and could represent an alternative method to sexual and conventional asexual propagation.
Introduction
The genus Genista (family Fabaceae) comprises approximately 100 species distributed over Asia, Northern Africa, Europe and the Mediterranean basin (Bisby, 1981) . About forty entities, including species and subspecies, are present in Italy and Tyrrhenian islands (La Mantia, 2009 ). Genista aetnensis [(Raf. ex Biv.)DC] (here after called Genista aetnensis), commonly known as Mount Etna broom is a large deciduous shrub or small tree native to the islands of Sardinia and Sicily on dry hills at up to 2000 m (Pignatti, 2003) . Endemic to the lavastrewn slopes of Sicily's Mt. Etna, the species produces slender, arching green shoots, small, sparse leaves and bright yellow, fragrant, pea-shaped flowers, from middle to late summer (Brickell and Cathey, 2008) . Sometimes grown in gardens and landscaping, both for flower and for its attractive shape when mature, the plant has been also reported to arrest erosion and induce pedogenesis on Entisols at different altitude on Mount Etna (Fernandez Sanjurjo et al., 2003) . Being winter hardy (-15°C ) and characterized by high plasticity in altitude and ecology, ranging from 100 to 2000 m, G. aetnensis was introduced into cultivation in Britain in 1823 and is popular in gardens, especially in South England (Brickell and Cathey, 2008) . Genista species are propagate by seed or semi-hardwood cuttings (Hartmann et al., 2003; Dirr and Heuser, 2006) . However, considered the high degree of heterozygosity of Genista (Curir, 1986) micropropagation could be an alternative and effective method for rapid mass propagation of selected clones of G. aetnensis. Łuczkiewicz and Piotrowski (2005) in the attempt to achieve production of secondary metabolites by in vitro culture, report the micropropagation of six Genista species, including G. aetnensis. However, in that article only the data referring to G. tinctoria shoot proliferation and rooting were presented, whereas no specific information regarding the growth regulators requirements for stimulating shoot proliferation and rooting of were then subcultured on the same MS medium without growth regulators for 3 weeks before being used either in multiplication treatments or in the rooting treatment. All cultures were maintained at 25 °C under a 16-h photoperiod provided by coolwhite fluorescent tubes, 35 µ mol·m -2 ·s -1 . The same conditions were used for all experiments.
Multiplication of axillary shoots
Randomly selected axillary shoots were cut from established cultures, the terminal buds removed and the resulted stems cut into segments. Nodal explants (segments comprising an axillary bud and a 5-10-mm internodal stem below the node) were transferred to in vitro multiplication treatments. In both experiments the medium was the same as described earlier. The sterilized media were dispensed into each sterilized glass culture vessel (height 95 mm, width 50 mm, 30 ml medium per vessel). In the first experiment, BA concentrations of 0, 0.44, 0.88 or 1.32 µM in combination with indole-3-acetic acid (IAA) (Sigma no. I-2886) concentrations of 0 and 0.57 µ M, were tested in a twofactor, randomized, complete design. Each treatment consisted of five replicates. Each replicate consisted of a glass culture vessel containing five explants (total 25 explants). In a further experiment, the optimal concentration of BA (0.44 µ M) for inducing axillary shoot proliferation was tested in a randomized, complete design against equal molar concentrations of different cytokinins [2-isopenthenyladenine (2iP) (Sigma no. D-4542), kinetin (Sigma no. K-0753), zeatin (Sigma no. Z-0876) and BA]. Each treatment consisted of five replicates. Each replicate consisted of a glass culture vessel containing five explants (total 25 explants). Growth regulators were added to the media prior to autoclaving, except when different cytokinins were compared, growth regulators were filter-sterilized (0.45 µ m, Nalgene) and added after the media were autoclaved and cooled to about 50 °C. Stem segments were vertically placed into culture. For all multiplication treatments, nondestructive observations were performed after 4 weeks of culture and shoot proliferation scores were based on the number of usable shoots (>10 mm long). In both experiments, Fisher's protected least-significant-difference test at (p ≤ 0.01) was used to separate the means for significant effects from the analysis of variance (Petersen, 1985) .
In vitro rooting
Randomly selected individual shoots ≅ 2.0 cm long with intact apex were trimmed of basal leaves and subjected to in vitro rooting media. To determine the optimum conditions for in vitro rooting, media containing ½ MS salts and vitamins, plus 20 g l agar (Sigma no. A-1296) were dispensed into sterilized glass culture vessel (30 ml medium per vessel). Seven IAA concentrations (0, 0.23, 0.45, 0.91, 1.82, 3.64 and 7.29 μM) were investigated in a completely randomized design. Each treatment consisted of five replicates as described for multiplication axillary shoot experiments.
After 6 weeks, data were recorded as percentage of shoots rooted, mean number of roots per shoot and mean root length. Percentage data were subjected to arcsin transformation before ANOVA analysis. Mean separation was performed by Fisher's protected least-significant difference test (p≤ 0.01) (Petersen 1985) .
Plant greenhouse establishment
In vitro rooted plantlets were removed from culture media G. aetnensis were provided. Furthermore, those authors used seeds as primary explants material to establish Genista shoot culture. Because species belonging to Genista genus are outcrossers, propagation by seed does not guarantee that the characteristics of a particular selected genotype will be maintained. On the other hand, since in the ornamental tree culture, asexual propagation is needed to maintain the characteristics of a selected genotype, a micropropagation system of G. aetnensis based on axillary buds and nodal segments as primary explants should be preferred.
Several studies have showed evidence of synergistic effect of cytokinins and auxins in axillary shoot proliferation of shrubs and trees (Ruffoni et al., 1994; Yeo and Reed, 1995; Ma et al., 1996; Mokotedi et al., 2003) . For example, stimulatory effects of low auxin concentrations and inhibitory effects of high auxin concentrations have been reported by Yeo and Reed (1995) in Pyrus spp. Since our preliminary experiments (Iapichino, unpublished) showed that either IBA or NAA in combination with different cytokinins induced only callus formation in G. aetnensis in vitro shoot culture, we decided to focus our study on the potential synergistic effects of IAA and BA on axillary shoot proliferation. Following this experiment, various cytokinins were also tested for shoot multiplication. As in vitro rooting is concerned, a preliminary study (Iapichino, unpublished) indicated that exposing G. aetnensis axillary shoots to the presence of either IBA or NAA resulted only in callus growth and no root formation, therefore in the present experiment we decided to choose IAA as potential auxin to induce in vitro rooting. Thus, the objective of the present study was to develop an efficient protocol of micropropagation of G. aetnensis.
Materials and Methods

Culture establishment
Plant material was harvested in May 2013 from a wild plant growing at the base of Mount Etna, Sicily (Italy). The plant was selected because of its foliage mass and vigor. Actively growing apical shoot tips, 8-10 cm in length and 2-3 mm in diameter, and bearing 7-8 nodes, were cut and used as the starting material. After removing the apices, explants were rinsed under running tap water for 10-12 min and then surface-disinfested with a 15-sec immersion in 70% ethanol followed by continuous, gentle agitation for 20 min in a bleach solution [1.05% NaOCl (w/v)] containing 20 drops/liter of Tween 20 (Sigma Chemical Co., St. Louis, MO) and three 10-min rinses in sterile distilled water. The basal and the apical ends were aseptically removed and explants sectioned in stem segments bearing two or three nodes. Individual stem segments were placed horizontally into each sterilized 90 x 15 mm Petri dishes containing 25 ml of Murashige and Skoog (MS) (Murashige and Skoog, 1962) -benzyladenine (BA) (Sigma no. B-9395) to induce axillary shoot development. All media described also later were adjusted to pH 5.7 with NaOH, and autoclaved at 121 °C at 103 kpa for 20 min. After 5 weeks of culture, axillary shoots ( ≅ 1.5 cm long) developed on primary explants were excised, the terminal buds removed and the resulted stems cut into segments, bearing two or three nodes. Nodal segments were subcultured into each sterilized glass culture vessel (height 95 mm, width 50 mm) containing 30 ml of the same medium 5 more times at 4 week intervals to increase the stock of shoot cultures. Shoots 543 544 and agar was gently washed from the roots. Plantlets were transplanted into trays containing a peat-perlite mixture 1:1 (v/v) covered with clear plastic bags to maintain a high relative humidity. The growing mixture was kept moist by frequent watering and trays were kept in a wood-made cold frame covered with a 70% polypropylene shade-cloth (lath-house). Ventilation of the plantlets was increased with time by increasing size of the holes made in the plastic, and after 3 weeks the plastic was removed. After 5 weeks, acclimatized single plants were transferred to each plastic pot containing the same growing mixture.
Results and Discussion
Culture establishment About 60% of the axillary shoots developed from the primary explants appeared free of fungal or bacterial contamination after applying the disinfection procedures described in this study. Axillary buds started to grow after two weeks in culture in medium with 0.22 µ M BA and were about 20 mm tall after four weeks. Nodal segments subcultured onto the same medium continued to develop new axillary shoots. Transferring single shoots into the same medium without growth regulators resulted in main shoot growth, whereas further axillary shoot proliferation did not occur. As it is well known, nodes are reliable explants to be used to propagate in vitro several woody dicotyledons (George, 1996) .
Multiplication of axillary shoots
Shoot proliferation occurred through development of existing axillary buds. The effects of IAA and BA concentrations on axillary shoot proliferation from nodal explants after four week culture are shown in Table 1 . The IAA concentration x BA concentration interaction was significant. Shoot number per explant ranged from 0.4 ± 0.1 in the medium containing only 0.57 µ M IAA to an optimum of 3.5 ± 0.7 in the medium supplemented with only 0.44 µ M BA (Fig. 1) .
In our experiment, the presence of the auxin IAA in the medium reduced axillary shoot proliferation. In fact, at all BA levels, shoot multiplication was lower with IAA concentration of 0.57 µ M than at 0 µ M. Shoot number also declined when node explants were exposed to BA concentrations above 0.44 µ M BA, either in the presence or absence of IAA.
Our findings are similar to those obtained by Łuczkiewicz and Piotrowski (2005) who found IAA interfering with shoot proliferation in Genista tinctoria. Our results are also consistent with those of Romano et al. (2002) who found that the combination of BA and IAA did not improve the multiplication rate of Ceratonia siliqua, another member of the Fabaceae.
The best result in terms of shoot length was obtained from the medium without growth regulators (34 ± 2.6 mm) followed by the medium with 0.57 µ M IAA and 0.44 µ M BA. Exposure of node explants to 0 IAA µ M + 0.44 µ M BA and 0.57 IAA + 0.88 BA resulted in axillary shoots which attained 25 ± 2.1 and 26 ± 2.0 mm length, respectively. Exposure of node explants to 1.32 µ M BA either in the presence or absence of IAA significantly reduced shoot length compared to media with lower BA concentrations. The concentration of 0.44 µ M BA which produced favourable results in terms of axillary shoot number was used in equal molar comparisons with other cytokinins (zeatin, 2iP, and kinetin). Among the cytokinins tested (Table 2) , BA gave the highest proliferation rate (3.6 ± 0.4 shoots per explant) followed by zeatin (1.0 ± 0.2 shoots per explant), whereas 2iP and kinetin resulted in the poorest scores (0.4 ± 0.1 and 0.3 ± 0.1 shoots per explants, respectively).
Benzyladenine has been found to be more effective than other cytokinins at stimulating axillary shoot development in Acacia mearnsii, another member of the Fabaceae family (Feng et al., 1994) . Shoots proliferated in the medium supplemented with BA although were significantly shorter than those produced from node explants exposed to 2iP and zeatin, attained growth sufficient (23 ± 1.3 mm) for the transfer to root induction medium. The best treatment of this experiment was repeated in 2014 with new plant material from the same stock and obtaining similar results. Values represent mean ± standard error. In each column, means followed by the same letters are not significantly different at the p < 0.01 level by Fisher's protected least significant difference test. In vitro rooting and plant greenhouse establishment In vitro rooting of excised shoots was accomplished in about five weeks (Fig. 2) . Effect of IAA concentration on rooting of G. aetnensis microshoots, after 5 weeks in culture, is presented in Table 3 . 545 Rooting in absence of growth regulator resulted in only 10% success. The highest rooting percentages were obtained with IAA at 1.82 and 3.64 µ M (53 and 57%, respectively). Exposing microshoots to IAA at 7.29 µ M substantially reduced rooting performance (23.7% rooting). Absence of IAA resulted in plantlets with 2 roots. The treatment that produced the most roots was obtained with IAA at 3.64 µ M (3.5 ± 0.8 roots per shoot). Root number decreased at IAA levels higher and lower than 3.64 µ M. Our results show that although rooting percentage in the presence of 3.64 IAA µ M (57%) was not significantly different from the one obtained with 1.82 IAA (53%), doubling IAA concentration resulted in a significantly higher number of roots per shoot. As root length is concerned, treatments that produced the longest roots were obtained with 0.23 µ M IAA (7.8 ± 0.1 cm) followed by IAA at 0.45 µ M (6.9 ± 0.6 cm). Root length with the absence of growth regulator or with IAA concentrations higher than 1.82 µ M was significantly inferior compared to the other treatments. Therefore, the best treatment for rooting was 3.64 µ M IAA. Eighty percent of the in vitro rooted 57.0 ± 4.8 a 3.5 ± 0.8 a 3.6 ± 0.4 e 7.29 23.7 ± 3.0 bcd 2.6 ± 0.4 b 3.6 ± 0.7 e Values represent mean ± standard error. In each column, means followed by the same letters are not significantly different at the p < 0.01 level by Fisher's protected least-significant-difference test. (Fig. 3) survived regardless of the medium tested to induce rooting. A total of 50 plants were established in the lath-house.
Conclusion
This paper reports a successful micropropagation protocol of G. aetnensis through nodal explants from mature plants. Node culture has been previously adopted to propagate in vitro shrubs and trees (George, 1996; Suttle, 1999) . This method is considered convenient and reliable because using pre-existing bud explants it is least likely to induce genetic mutation (Chu, 1992) , and therefore it is a preferred system for commercial micropropagation (Suttle, 1999) . The highest rate of axillary shoot proliferation was induced on MS medium augmented with 0.44 µ M BA. Explants were divided, subcultured and continued to proliferate shoots. A proliferation rate of 3.5 shoots per single node explants every four weeks occurred. Our results are in accord with that obtained by Curir et al. (1986) who, investigating the axillary shoot proliferation response of five clones of Genista monosperma cultured on MS medium with the addition of BA, found a multiplication rate ranging from 2 to 6. Our findings also suggest that growth regulator requirements for shoot proliferation in G. aetnensis can be satisfied by BA alone. In addition, we demonstrated the superiority of BA over the other cytokinins tested in inducing the development of axillary shoots in vitro. Our results are only partially in agreement with those obtained by Łuczkiewicz and Piotrowski (2005) who found BA superior to zeatin and kinetin, but less effective than 2iP in promoting axillary shoot proliferation in G. tinctoria. The different response found in our experiment could be related to the diverse species studied. Up to 57% of the microshoots rooted in the medium containing ½ MS salts and 3.64 µ M IAA. This result is consistent with that of Curir et al. (1986) who found IAA being effective in stimulating adventitious root formation in G. monosperma. Our preliminary unsuccessful rooting results with IBA and NAA might be related to the fact that during the adventitious root induction phase a high auxin concentration is generally required, whereas during the root formation phase growth regulators become inhibitory. Therefore, we may speculate that higher stability and consequent supraoptimal concentrations of NAA and IBA might induce callus growth and inhibit root formation in G. aetnensis as opposed to IAA which being unstable and easily degradable in the presence of light, would on the contrary favor root growth and elongation.
The in vitro rooting and acclimatization process took approximately 14 weeks. Micropropagated plants are under evaluation for their clonal fidelity and agronomic behavior. However, further studies are required to improve in vitro rooting efficiency and/or evaluate the possibility to establish a more efficient system based on ex vitro rooting of G. aetnensis microcuttings.
